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1 	 | 	 INTRODUCTION

Vaccination	 is	 an	 essential	 component	 of	 the	 public	
health	strategy	 to	end	 the	coronavirus	2019	 (COVID-	19)	
pandemic;1  however,	 various	 vaccine-	associated	 adverse	
events	are	emerging	as	an	issue	that	cannot	be	overlooked.	
Although	 the	 most	 frequent	 adverse	 events	 following	
COVID-	19  mRNA	 vaccine	 administration	 include	 fever,	
fatigue,	headache,	myalgia,	and	injection-	site	pain;	several	
serious	adverse	events,	including	myocarditis	and	pericar-
ditis,	have	also	been	reported,	particularly	in	adolescents	
and	young	adults.2,3	In	a	recent	database	in	Israel,	the	es-
timated	incidence	of	myocarditis	within	21 days	after	the	

second	dose	of	BNT162b2 mRNA	vaccination	was	0.21	per	
100,000	 persons	 among	 male	 recipients	 aged>50  years.4	
Although	most	cases	had	mild	clinical	courses,	there	are	
a	 few	reports	of	 fulminant	myocarditis	with	cardiogenic	
shock.3 Treatment	of	myocarditis	is	tailor-	made,	depend-
ing	on	the	case,	and	often	includes	NSAIDs,	steroids,	in-
travenous	immunoglobulin,	and	colchicine.5

2 	 | 	 CASE REPORT

A	 50-	year-	old	 man	 presented	 with	 syncope	 and	 rest-
ing	chest	pain	10 days	after	receiving	the	second	dose	of	
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Abstract
Myocarditis	 is	 an	 adverse	 event	 associated	 with	 coronavirus	 disease	 2019	
(COVID-	19)	mRNA	vaccination.	A	50-	year-	old	man	presented	with	dyspnea	and	
resting	chest	pain	after	receiving	the	second	dose	of	the	COVID-	19 mRNA	vac-
cine	and	developed	cardiogenic	shock.	Fulminant	myocarditis	was	diagnosed	by	
endomyocardial	biopsy	and	treated	with	intravenous	corticosteroids.
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COVID-	19 mRNA	BNT162b2	vaccine	and	was	admitted	to	
a	former	hospital.	On	the	day	following	admission,	he	was	
referred	to	our	hospital	due	to	hypotension	and	worsen-
ing	chest	pain.	His	vital	signs	included	a	blood	pressure	of	
115/66 mmHg	with	inotropes,	heart	rate	of	104	beats/min,	
and	oxygen	saturation	of	94%	with	oxygen	administration	
at	a	rate	of	8 L/min.

His	 medical	 history	 was	 unremarkable,	 and	 he	 did	
not	smoke	or	consume	alcohol.	The	patient	had	no	docu-
mented	allergies	or	signs	of	a	recent	acute	infection.

Differential	diagnoses	included	pericarditis,	myocardi-
tis,	acute	myocardial	infarction,	Takotsubo	cardiomyopa-
thy,	and	sarcoidosis.

The	 reverse	 transcriptase-	polymerase	 chain	 reaction	
assay	was	negative	for	severe	acute	respiratory	syndrome	
coronavirus	 2	 (SARS-	CoV-	2)	 on	 nasopharyngeal	 swab,	
while	 antibodies	 against	 SARS-	CoV-	2	 were	 present	 (IgG	
280  AU/ml;	 negative<1).	 Electrocardiography	 showed	
sinus	tachycardia	(97	beats/min)	and	ST-	segment	elevation	
in	leads	V1-	V4	with	complete	right	bundle	branch	block	
(Figure 1).	Laboratory	blood	tests	revealed	high	levels	of	
cardiac	troponin-	I	(14644 ng/L;	negative<40)	and	creatine	
kinase-	MB	(72 IU/L).	The	brain	natriuretic	peptide	level	
was	 248  pg/ml.	 Viral	 serologies,	 including	 Epstein–	Barr	
virus,	 cytomegalovirus,	 adenovirus,	 respiratory	 syncytial	
virus,	varicella	zoster	virus,	measles	morbillivirus,	rubella	
virus,	 enterovirus,	 mumps	 orthorubulavirus,	 parvovirus,	
and	 coxsackie	 viruses,	 were	 all	 negative.	 A	 brief	 panel	
of	 autoantibodies	 was	 unremarkable.	 Chest	 radiography	
and	 chest	 computed	 tomography	 showed	 mild	 pulmo-
nary	edema	but	no	pneumonia	lesions.	Echocardiography	
demonstrated	a	left	ventricular	ejection	fraction	(LVEF)	of	

35%	with	diffuse	hypokinesis	(Videos	1	and	2).	On	cardiac	
magnetic	 resonance	 imaging	 (MRI),	 late	gadolinium	en-
hancement	imaging	demonstrated	linear	mid-	myocardial	
enhancement	of	the	septum	walls	at	the	base	of	the	mid-	
left	ventricle,	and	T2-	weighted	short-	axis	inversion	recov-
ery	 imaging	 showed	 a	 high	 intensity	 of	 the	 global	 walls	
of	the	left	ventricle	(Figure 2).	Coronary	angiography	re-
vealed	no	obstructive	coronary	artery	disease	(Figure 3).	
An	 endomyocardial	 biopsy	 specimen	 showed	 multifocal	
cardiomyocyte	damage	with	severe	inflammation	of	lym-
phocytes	 and	 macrophages	 (Figure  4).	 The	 diagnosis	 of	
fulminant	myocarditis	was	confirmed	by	histopathologi-
cal	examination.

The	patient	presented	with	cardiogenic	shock	and	was	
transferred	 to	 the	 intensive	care	unit	 (Figure 5).	He	was	
treated	 with	 pulse	 steroid	 therapy	 (methylprednisolone,	
1  g	 daily	 for	 3  days)	 and	 required	 inotropes,	 even	 after	
pulse	 steroid	 therapy.	 On	 Day	 6	 post-	hospitalization,	 an	
advanced	atrioventricular	block	was	observed,	and	a	tem-
porary	transvenous	pacemaker	was	placed.	After	the	first	
pulse	steroid	therapy,	the	cardiac	troponin	I	level	rapidly	
increased	and	peaked	at	53292 ng/L.	Subsequently,	a	sec-
ond	pulse	steroid	therapy	was	administered	(methylpred-
nisolone,	 1  g	 daily	 for	 3  days)	 following	 a	 daily	 dose	 of	
40 mg	of	prednisolone,	which	was	gradually	reduced.	On	
hospitalization	 Day	 8,	 he	 did	 not	 require	 inotropes	 con-
sidering	 the	 fact	 that	 his	 blood	 pressure	 had	 improved.	
On	 hospitalization	 Day	 9,	 the	 temporary	 transvenous	
pacemaker	was	removed.	On	hospitalization	Day	18,	the	
prednisolone	 treatment	 course	 was	 completed,	 and	 no	
atrioventricular	 block	 was	 detected.	 He	 eventually	 re-
ceived	guideline-	directed	medical	therapy	for	heart	failure	

F I G U R E  1  Electrocardiogram	findings.	Electrocardiogram	at	admission	(A)	shows	ST-	segment	elevation	in	leads	V1-	V4	and	complete	
right	bundle	branch	block.	The	electrocardiogram	at	discharge	(B)	shows	the	ST-	segment	resolution
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(bisoprolol,	 spironolactone,	 and	 sacubitril	 valsartan).	
On	 hospitalization	 Day	 21,	 his	 cardiac	 troponin	 I	 level	
decreased	 to	 the	 normal	 range,	 and	 echocardiography	
showed	 a	 recovered	 LVEF	 of	 60%	 with	 no	 regional	 wall	
motion	abnormalities	 (Videos	3	and	4).	The	patient	was	
discharged	22 days	after	admission.

At	 the	 2-	week	 follow-	up,	 the	 patient	 presented	 with	
syncope	 and	 exacerbation	 of	 congestive	 heart	 failure.	
Electrocardiography	 revealed	 atrioventricular	 dissocia-
tion	 (62	 beats/min),	 and	 an	 echocardiogram	 showed	 an	
LVEF	of	60%	with	no	regional	wall	motion	abnormalities.	
The	cardiac	troponin	I	level	slightly	increased	(223 ng/L),	
and	the	brain	natriuretic	peptide	level	was	1103 pg/ml.	He	
was	 hospitalized	 because	 of	 heart	 failure,	 and	 diuretics	
were	administered.	He	was	discharged	1 week	later.

3 	 | 	 DISCUSSION

The	 diagnosis	 of	 acute	 myocarditis	 in	 the	 present	 case	
was	 confirmed	 based	 on	 histological	 and	 MRI	 findings.	
Endomyocardial	 biopsy,	 which	 is	 the	 most	 definitive	
method,	showed	 inflammatory	 infiltrates	predominantly	
composed	of	 lymphocytes	and	macrophages	and	cardio-
myocyte	damage	accompanied	by	a	small	number	of	eo-
sinophils,	consistent	with	a	previously	reported	case.3 MRI	
findings	are	often	used	for	the	non-	invasive	diagnosis	of	
acute	myocarditis.	This	case	met	the	original	Lake	Louise	
criteria	with	T2 signal	 intensity	and	late	gadolinium	en-
hancement.6	 In	 other	 cases	 of	 myocarditis	 following	
mRNA	 vaccination,	 the	 usefulness	 of	 MRI	 for	 diagnosis	
has	been	reported.7

F I G U R E  2  Cardiac	magnetic	
resonance	(CMR)	findings.	(A)	CMR	
imaging	shows	linear	mid-	myocardial	
late	gadolinium	enhancement	(LGE)	
of	the	septum	wall	at	the	base	of	the	
mid-	ventricle	(yellow	arrows).	(B)	T2-	
weighted	short-	axis	inversion	recovery	
imaging	shows	a	high	intensity	of	the	
global	walls	of	the	left	ventricle	suggestive	
of	myocardial	edema	(red	arrows).	
CMR	findings	met	the	original	Lake	
Louise	criteria	for	the	diagnosis	of	acute	
myocarditis.	On	CMR	imaging	after	
5 weeks,	LGE	disappeared	(C),	and	the	
high	intensity	of	the	global	walls	of	the	
left	ventricle	was	sustained	(D)

(A)

(C) (D)

(B)

F I G U R E  3  Coronary	angiogram	
findings.	(A)	Coronary	angiogram	shows	
a	normal	left	coronary	artery	and	(B)	right	
coronary	artery

(A) (B)
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Pulse	 steroid	 therapy	 was	 administered	 twice	 to	 sup-
press	 the	 inflammation.	 The	 troponin	 level,	 which	 was	
repeatedly	confirmed,	decreased	after	 the	 first	pulse	ste-
roid	 therapy.	 However,	 it	 rapidly	 increased	 with	 an	 ad-
vanced	 atrioventricular	 block.	 After	 the	 second	 pulse	
steroid	therapy,	the	steroid	dose	was	gradually	decreased	
and	 was	 ultimately	 ceased	 during	 hospitalization.	
During	 the	 course,	 troponin	 levels	 reflected	 the	 severity	

of	 myocarditis.	 Although	 the	 treatment	 of	 myocarditis	
following	mRNA	vaccination	 is	not	yet	well	established,	
pulse	steroid	treatment	may	be	considered	for	severe	cases	
of	cardiomyopathy.

Although	a	direct	relationship	could	not	be	determined	
between	myocarditis	and	the	mRNA	COVID-	19	vaccina-
tion	 in	 this	 case,	 blood	 examinations	 and	 endomyocar-
dial	biopsy	failed	to	identify	other	causes	of	myocarditis.	

F I G U R E  4  Histopathological	
Findings.	Endomyocardial	biopsy	of	the	
right	ventricular	septum	was	performed.	
(A,	B)	Hematoxylin–	eosin	staining	
of	heart	tissue	specimens	obtained	
by	endomyocardial	biopsy	shows	
myocarditis	with	inflammatory	cells	and	
cardiomyocyte	damage	(arrowheads).	A	
few	eosinophils	are	observed	(arrows).	
(C,	D)	Immunostaining	shows	more	
infiltration	of	T	lymphocytes	of	CD3-	
positive	cells	than	those	of	CD20-	positive	
cells.	(E)	Immunostaining	for	CD68	shows	
the	infiltration	of	several	macrophages

(A) (B)

(C) (D)

(E)

F I G U R E  5  Troponin	I	(TnI)	and	
creatine	kinase-	MB	(CK-	MB)	levels.	
TnI	and	CK-	MB	levels	were	suppressed	
by	pulse	steroid	therapy:	At	their	peak,	
an	advanced	atrioventricular	block	was	
observed.	IV,	intravenous	injection;	PO,	
per	oral
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It	 is	 expected	 that	 the	 mechanism	 underlying	 mRNA	
COVID-	19	 vaccination-	induced	 myocarditis	 will	 be	 clar-
ified	in	the	future.

4 	 | 	 CONCLUSIONS

This	 case	 demonstrated	 that	 myocarditis,	 which	 is	
a	 relatively	 mild	 and	 curable	 complication	 of	 the	
COVID-	19  mRNA	 vaccine,	 may	 follow	 a	 fulminant	
course.	Further,	our	case	revealed	that	steroid	pulse	ther-
apy	may	be	useful	 for	controlling	the	pathology	of	myo-
carditis	potentially	resulting	from	the	COVID-	19 mRNA	
vaccination.
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